UNIVERSITY OF PATRAS
DEPT. OF COMPUTER ENGINEERING & INFORMATICS
ARTIFICIAL INTELLIGENCE

SOLUTIONS of 3d Assignment

1. Translate the following natural language sentences into first-order logic (FOL)
formulas.
. "Pluto loves its master"
. "Every dog has a master"
. "John either hates George or is ambitious"
. "Apples are a kind of food"
. "Every carnivorous animal eats all animals smaller than itself"
"No man likes a woman who is vegeterian”

DO OO ToD

Answer

loves(Pluto, master_of(Pluto))
(Vx) dog(x) = (Jy) master(y, x)
hates(John. George) v ambitious(John)

o0 o

food(apples) or

(Vx) apple(x) = food(x)

(it depends on the way of use of the sentence)

€. (Vx) (Vy) ((carnivorous(x) A animal(y) A smallerthan(y,x)) = eats(x, y)) or
(Vx) (carnivorous (x) = ((Vy) (animal (y) A smallerthan(y,x)) = eats(x,y)))
(they are equivalent)

f. (Vx)(Vy)((man(x) A woman(y) A vegeterian(y)) = -likes(x,y)) or

=((Ix)(Fy)(man(x) A woman(y) A vegeterian(y) Alikes(x,y)))

(they are equivalent)

2. Convert the following FOL formulas in their Clause Normal Form.
a. (VX) (Vy) (V2) ((pet(x) A master(x, y) A lives(y, z)) = lives(x, z))
b. ((vx) ((3y) aly) = b(x, ¥))) v ((vx) c(x))

Answer
a. (Vx) (Vy) (Vz) ((pet(x) A master(x, y) A lives(y, z)) = lives(x, z))
Present the conversion steps analyticaly.

1. Implication removal (based on F => G = —=FVG):
(Vx) (Vy) (Vz) (-(pet(x) A master(x,y) Alives(y,z)) v lives(x,z))

2. Moving negation at atom level (making required changes):
(Vx) (Vy) (Vz) ((-pet(x) v -master(x,y) v -lives(y,z)) v lives(x,z))

3. Renaming variables:
Not applicable



"

b. (vx) (Qy) a(y) = b(x, ¥))) v (V) c(x))

i



8. Remove connectives and write down produced clauses

¢ = (ma(f(x)) , bx, f(x)) , c(2))

9. Rename variables
Not applicable (only one clause)

3. Check whether theliterals in the following couples can be unified. In case they can,
find the most general unifier. Otherwise, explain why they cannot.

a. p(xy), p@ 2)

b. p(x, X), p(a, b)

c. descendant(x, father-of(x)) , descendant(john, bill)

d. descendant (x, y) , descendant(bill, father-of(bill))

e. q(x,ay),0q(z zb)

f. a(x), —q(a)

Answer

a.p(x,y), p(a, 2)
They unify with mgu (most general unifier): o = {a/x, y/z}

b. p(x,x), p(a, b)

They are not unifiable because there is no valid mgu. If there was, it would be ¢ = {a/x,
b/x}, which however is not valid, because the variable "x™ has two different constants as
bindings, which creates a conflict.

c. descendant(x, father-of(x)) , descendant(john, bill)
They are not unifiable, because while «x» unifiew with constant «john», the functional
term «father-of(x)» cannot unify with a constant («billy).

d. descendant (X, y) , descendant(bill, father-of(bill))
They unify with o = {bill/x, father-of(bill)/y}

e. q(x,a,y),q(z z b)
They unify with mgu o = {z/x, a/z, b/y}, which results in o = {a/x, a/z, b/y}

f. q(x) , —a(a)
They do not unify, they have different polarity.

4. The following FOL formulas are given:

Q) works-in (george, patras)

(2) works-in (paul, rio)

3 master (george, pluto)

4) master (paul, boby)

(5) (VX) (Vy) (works-in (x, y) = lives-in (X, y))

(6) (Vx) (YY) (Vz) ((master (X, y) A lives-in (X, z)) = lives-in (y, z))
where X, y, z are variables.



(o) Using resolution refutation, prove that “Pluto lives in Patra”.
(B) Using resolution refutation, answer the question “Who lives in Rio?”.

(a) Using resolution refutation, prove that “Pluto lives in Patra”.
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(B) Using resolution refutation, answer the question “Who lives in Rio?”.







